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SUMMARY 

An investigation  has  been  conducted i n  the  Langley  Unitary  Plan 
wind t u n n e l   t o   d e t e r m i n e   t h e   s t a t i c   s t a b i l i t y   c h a r a c t e r i s t i c s  of f i v e  
hypersonic  missile  configurations. The models t e s t e d  were a bas ic  body 
w i t h  length-diameter   ra t io  of 10 and  an  ogival  nose  with a f ineness  
r a t i o  of 5 ,  the  body with a 10' f l a r ed   a f t e rbody   ( sk i r t ) ,  and the  body 
with two s e t s  of low-aspect-ratio  cruciform  fins.  An addi t iona l  model, 
known as the  hypersonic  test   vehicle,  was included to   s imu la t e  a 
Langley P i lo t l e s s   A i rc ra f t   Resea rch   D iv i s ion   f r ee - f l i gh t   t e s t   veh ic l e .  

Tests were  performed a t  Mach numbers of 2.29, 2.75, 3.22, 3.71, 
and 4.65 and a t  Reynolds numbers, based on the  body length,  from 

approximately 2.5 X 10 t o  15 X 10 . 6 6 

The r e s u l t s  show t h a t   t h e r e  i s  l i t t l e   e f f e c t  of Mach number, within 
t h e   t e s t  Mach number range, on the  s lope of the  normal-force  curve a t  
low angles of a t tack   for   the   conf igura t ions   t es ted .  A s k i r t  of the  type 
t e s t e d  i s  e f fec t ive   in   p roducing  l i f t  and pi tching moment i n   t h e   t e s t  
angle-of-attack  range. The use of a s k i r t ,  however, l e a d s   t o  a drag 
penalty  with a corresponding loss i n   l i f t - d r a g   r a t i o .  With the  center  
of gravi ty  a t  50 percent  of  the body length,   the   skir ted  and  f inned 
models a re   d i r ec t iona l ly   s t ab le  a t  t h e  low angles  of  at tack. A t  the  
higher tes t  Mach numbers and a t  the  higher  angles of a t tack,   the   direc-  
t i o n a l   s t a b i l i t y  for the   f inned models becomes grea te r   than   tha t   exper i -  
enced a t  angles  of  at tack  near 0'. However, a t  the  high  angles  of 
a t tack  and low Mach numbers, the  f inned models tend  toward  instabi l i ty .  
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MTRODUCTION 
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The  design  of  hypersonic  missiles  is,  to a large  degree,  dictated 
by  considerations  of  aerodynamic  heating.  Configurations  which  have 
surfaces  that  present  small  angles  to  the  airstream  (e.g. , highly  swept 
lifting  surfaces)  have  been  shown  to  have  comparatively low heating  rates, 
and  are  therefore  being  considered  for  use  as  hypersonic  air-to-air  and 
ground-to-air  missiles. In order  to  obtain  more  information  on  such 
configurations,  the  National  Advisory  Committee  for  Aeronautics  has 
recently  undertaken  an  investigation  to  determine  the  aerodynamic  char- 
acteristics  of a family  of  missile  configurations.  This  investigation 
is  to  be  performed  at  supersonic  and  hypersonic  speeds,  and  is  to  cover 
a large  Reynolds  number  range. 

The  models  to  be  investigated  include a basic  body  with  length- 
diameter  ratio  of 10 and  an  ogival  nose  with a fineness  ratio  of 5, the 
body  with a 10' flared  afterbody,  and  the  body  with  two  different  sets 
of  low-aspect-ratio  cruciform  fins. An additional  model, known as  the 
hypersonic  test  vehicle,  is  included  to  simulate a Langley  Pilotless 
Aircraft  Research  Division  free-flight  test  vehicle.  These  models  were 
previously  tested  in  the  Langley 4- by  &-foot  supersonic  pressure  tun- 
nel  at a Mach  number  of 2.01 and  the  results  are  presented  in  reference 1. 

The  present  paper  contains  the  results  of  tests  made  in  the  Langley 
Unitary Plan wind  tunnel  to  determine  drag  and  static  longitudinal  and 
lateral  stability  characteristics  obtained  at  Mach  numbers  of 2.29, 2.75, 
3.22, 3.71, and 4.65 and  at  Reynolds  numbers,  based on the  body  length, 
from  approximately 2.5 X lo6 to 15 X lo6- Also  included  in  this  paper 
are  comparisons  of  the  data  of  this  report  with  data  of  reference 1. 

SYMBOLS 

The  coefficients  of  forces  and  moments  are  referred  to  the  body 
axes  system. All aerodynamic  moments  are  taken  about  the  center of 
gravity  which  is  located  at  the  50-percent  length  of  the  missile  being 
tested.  Symbols  used  in  this  paper are as follows: 

cA axial-force  coefficient, Axial  force 
ss 

C base  axial-f  orce  coefficient, 
Base  axial  force 

A, B ss 



c2 

Cm 

C 
ma 

mO 
C 

Cn 

cnP 

cN 

cN a 

cyB 
2 

M 

9 

R 

S 

XYY 

a 

hr 

P 

rolling-moment  coefficient, Rolling  moment 
CIS 2 

pitching-moment  coefficient, Pitching  moment 
9s 2 

slope  of  pitching-moment  curve, - acm 
aa 

pitching-moment  coefficient  at  zero  normal  force 

yawing-moment  coefficient, Yawing  moment 9s 2 

slope  of  yawing-moment  curve, - acn 
aP 

normal-force  coefficient, Normal  force 
9s 

slope  of  normal-force  curve, - 3CN 
aa 

side-force  coefficient, Side  force 
9s 

slope  of  side-force  curve, - acY 
aP 

missile  length,  in. 

free-stream  Mach  number 

free-stream  dynamic  pressure,  lb/sq  ft 

Reynolds  number 

maximum  cross-sectional  area  of  the  cylindrical  body, sq ft 

coordinates  of  nose  of  missile  (measured  from  point  unless 
otherwise  noted),  in. 

angle  of  attack  of  missile  center  line,  deg 

tunnel  flow  angle,  deg 

angle of sideslip  of  missile  center  line,  deg - 
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APPARATUS AND METHODS 

Tunnel 

The  tests  were  performed  in  the  high  Mach  number  test  section of 
the  Langley  Unitary Plan  wind  tunnel,  which  is  a  variable  pressure, 
continuous-flow  type.  The  test  section  is 4 feet square  and  approxi- 
mately 7 feet  long.  The  nozzle  leading  to  the  test  section  is  of  the 
asymmetric  sliding-block  type  which  permits  a  continuous  variation  of 
Mach  number  from  approximately 2.29 to 4.65. 

Models 

A drawing  showing  the  five  models  tested  is  presented  in  figure 1 
and  table I gives  the  geometric  characteristics  of  these  models. 

The  missile  configurations  were 

Model I - body  alone  (length-diameter  ratio  of 10) 
Model I1 - body  with loo flared  skirt 
Model I11 - body  with  cruciform 5' delta  fins 
Model IV - body  with  cruciform l5O delta  fins 
ModelV - hypersonic  test  vehicle 

The  first  four  models  incorporate  a  cylindrical  body  with  an  ogive  nose, 
the  point  of  which  has  a  0.3-inch  radius  of  curvature.  The  fifth  mode1 
(which  is  somewhat  longer)  has  the  same  cylindrical  portion  of  the  body 
but  it  has  a  modified  von  Kgrmdn  nose,  the  point  of  which  has  a 
0.054-inch  radius of curvature.  This  model  also  incorporates  a 10' skirt. 

Henceforth,  these  models  will  be  referred  to  as  models I to V. "he 
models  are of steel  construction  except  for  the  nose  portion  of  model V 
and  the  flared  skirts  which  were  made of an aluminum  alloy. A photograph 
of model I11 as  installed  in  the  test  section  is  presented  as  figure 2. 

Forces  and  moments  were  measured  by  means  of  an  internally  mounted, 
six-component,  strain-gage  balance. 

Test  Conditions  and  Procedure 

The  tests  were  performed  at  Mach  numbers  of 2.29, 2.75, 3.22, 3.71, 
and 4.65. The  dewpoint  temperature  was  maintained  below -30° F for  all 
Mach  numbers  except 4.65, at  which  Mach  number  it  was  allowed  to  rise 
to -20' F. The  stagnation  temperature  was  maintained  at  approximately 



The fol lowing  table   presents   the  tes t   condi t ions of each model: 

- 
Mode 1 

I 

I1 

I11 

rv 

v 

Nominal 
angles of 

a t tack,  
deg 

-2 t o  25 

-2 t o  25 

-2 t o  25 
0, 7, 14, 
and 20 

-2 t o  25 
0, 7,  14, 

and 20 

-2 t o  25 

Nominal 
angles  of 
s ides l ip ,  

deg 

0 

0 

0 
-3 t o  12 

0 
-3 t o  12 

0 

Mach 
number 

2.29 
2.- 75 
3.22 
3.71 
4.63 

2.29 
2.75 
3.22 
3.71 
4.65 

2.29 
2-75 
3.22 
3.71 
4.65 

2.29 
2.75 
3.22 
3.71 
4.65 
2.29 
2.75 
3.22 
3.71 
4.65 

R 

12.5 X lo6 
12.5 
12.5 
12.5 
12.5 

5.0 and 12.5 x 10 6 
5.0 and 12.5 
5.0 and 12.5 
5.0 and 12.5 
7.5 and 12.5 

2.5, 5.0, and 12.5 x 10 6 
2.5, 5.0, and 12.5 
2.5, 5.0, and 12.5 
2.5, 5.0, and 12.5 
5.0, 7.5, and l2.5 

12.5 X 10 6 
12.5 
12.5 
12.5 
12.5 
15.0 X 10 
15.0 
15.0 
15.0 
15.0 

6 
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CORRECTIONS AND ACCURACY 
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The angles of attack and s idesl ip  have been  corrected  for  deflec- 
t i o n  of the  balance and sting under  load. 

In  order  to  obtain  reliable  values of base axial force, a base 
block was f i t t ed   s ecu re ly   t o   t he  model sting  with  about  l/8-inch gap 
between the  block and the  base of the model. The base block  for  each 
model was cyl indrical  and of the same diameter as the  base of the model 
being  investigated.  (See  ‘fig. 2. ) Measurements were taken of the 
pressure  existing between the  base  block and the model base and these 
pressure measurements were converted  into  base  axial  force. The axial-  
force data on the  plots  of aerodynamic coefficients  are’not  adjusted 
f o r  base axial force.   In  order  to  adjust   these  data,   the  base axial 
force  for  a given model at a given  att i tude and Mach  number must be 
subtracted from the   ax ia l   force   for   the  same model at the same a t t i tude  
and Mach number. During t e s t s  of model .V, f au l ty  equipment curtailed 
base  pressure measurements, and base-axial-force  data  for  this model are 
not  presented. 

The accuracy of the  individual measured quantit ies,  based on cal i -  
bration and repeatabi l i ty  of data, i s  estimated t o  be within  the fo l -  
lowing limits : 

~ ~~ ~~ ~~ 

CN . . .  
CA . . .  
c, . . .  
c z  . . .  
cn . . .  
cy . . .  
P, deg * .  

a, deg . 
M . .  . . 

R = 2.5 x 10 6 

+O .134 
20.007 
k0.055 
+O .004 
+O. 055 
+O .134 
kO.100 
fO.100 
50.015 

Accuracy a t  - 

R = 5 X 1 0  6 

+o .067 
+o .003 
+o .027 

+o ,027 
20.067 
+o .loo 
+o .loo 

+o .002 

+o .015 

R = 12.5 X 10 6 
or 15 x 106 

ko.029 
+o. 002 

It0 .011 
+0.001 
+o .011 
f o  .029 
+o .loo 
+o . loo 
+o ,015 



I 

NACA RM L58DO4 7 

Calibration  of  the  tunnel  test  section  has  not  been  completed. 
Measured  pressure  gradients  are  sufficiently  small,  however,  to  assure 
negligible  corrections  due  to  model  buoyancy  effects. 

The  data  have  not  been  corrected  for  flow  angularity.  These  cor- 
rections  at  the  cor'responding  Mach  numbers  are  independent  of  model 
angle  of  attack  and  are  as follows: 

PRESENTATION OF RESULTS 

m e  results  of  the  investigation  are  presented in the  following 
figures : 

F i m e  

Typical  schlieren  photographs  of  model I1 . . . . . . . . . .  
Typical  schlieren  photographs  of  model I11 . . . . . . . . .  
Variation  of  base  axial-force  coefficient  with  angle  of 
attack . . . . . . . . . . . . . . . . . . . . . . . . . .  

Effect  of  base  block on aerodynamic  characteristics  of 
model I11 . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Aerodynamic  characteristics  of  model I in  pitch. f3 = Oo . . 
Aerodynamic  characteristics  of  model I1 in  pitch. p = 0' . : 
Aerodynamic  characteristics  of  model I11 in  pitch. = Oo . 
Aerodynamic  characteristics  of  model IV in  pitch. p = 0' . . 
Aerodynamic  characteristics  of  model V in  pitch. f3 = 0' . . 
Aerodynamic  characteristics  of  model I11 in  sideslip. a = 0 0 

Aerodynamic  characteristics  of  model I11 in  sideslip. 

Aerodynamic  characteristics  of  model I11 in  sideslip. 

Aerodynamic  characteristics of model I11 in  sideslip. 

Aerodynamic  characteristics  of  model IV in  sideslip . . . . .  

u = 7 . 2  

u = 1 4 . 6  O . . . . . . . . . . . . . . . . . . . . . . . . .  

0 . . . . . . . . . . . . . . . . . . . . . . . . .  

~ = 2 0 . 9  O . . . . . . . . . . . . . . . . . . . . . . . . .  

* '  3 . .  4 

0 .  5 

. .  6 
' 0  7 . .  8 
' .  9 . . 10 . . 11 . . 12 

. . 13 

. . 14 

. . 15 . . 16 
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Figure 

Summary o f   l ong i tud ina l   s t ab i l i t y   cha rac t e r i s t i c s  of t h e  
f i v e  missile configurations . . . . . . . . . . . . . . . . 17 

Summary of lateral s t a b i l i t y   c h a r a c t e r i s t i c s  of  model I11 . . 18 
Summary of lateral s t a b i l i t y   c h a r a c t e r i s t i c s  of model IV . . 19 

DISCUSSION OF RESULTS 

Effect  of Base Block 

In   o rder   to   de te rmine   the   e f fec t   o f   the  base b l o c k - o n   t h e   s t a b i l i t y  
character is t ics   presented,  model I11 was t e s t ed   w i th  and  without  the 
base  block.  (See  f ig.  6. ) The r e s u l t s  show t h a t   t h e   a d d i t i o n  of t he  
base  block  produces a pos i t i ve  C sh i f t ,   bu t   t he   deg ree  of s t a b i l i t y  mo 
is  not   mater ia l ly   a l te red .  The base blocks were i n   p l a c e   f o r  a l l  o ther  
t e s t   r e s u l t s   p r e s e n t e d .  

Longi tudina l   S tab i l i ty  

The l o n g i t u d i n a l   s t a b i l i t y   c h a r a c t e r i s t i c s  of t h e   f i v e  missiles 
are presented   in  summary form plo t ted   aga ins t  Mach number i n   f i g u r e  17. 
It may be seen  that   the  normal-force-curve  slopes  of a l l  f i v e  models are 
invariant   with Mach number at t h e  low angles  of  at tack. A t  the   high 
angles of a t tack ,  however, the  normal-force-curve  slopes  decrease  with 
an   i nc rease   i n  Mach number. It may be noted  that   the  increment of 
normal-force-curve  slope  provided by t h e   f i n s  and s k i r t s  i s  e s s e n t i a l l y  
invariant   with Mach number and that  the  decrease  in  normal-force-curve 
slope  noted a t  high  angles i s  due t o  loss of l i f t  on the  body  and not 
on t h e   f i n s  o r  s k i r t s .  

O f  t he  models t e s t e d  a t  t h e  low angles   of   a t tack,   the   f inned models 
(models 111 and IV) have  the  greatest  normal-force-curve  slope,  and  the 
model wi thout   f ins  or  s k i r t  (model I) has  the  least   normal-force-curve 
slope. Model 111 develops more l i f t  than model IV, as would be expected, 
from  consideration  of  the geometry of t he  two models. 

A comparison  of  model I1 and model IV shows t h a t   t h e   s k i r t   f o r  
model I1 i s  approximately as long as t h e   f i n s  of model IV, but   the  
leading-edge  angle of t h e   f i n s  of  model IV i s  much l a rge r .  The da ta  
ind ica t e   t ha t  model I1 develops   s l igh t ly   l ess  l i f t  and  has more drag 
than model IV. Simi la r   r e su l t s   i n   r e f e rence  2 poin t   ou t   tha t   an   increase  
in   the  leading-edge  angle  o r  length of a s k i r t  w i l l  increase  the l i f t  
developed  by  the  skirt .  The use of a s k i r t ,  however, l e a d s   t o  a drag 
penal ty   with a corresponding loss i n   l i f t - d r a g   r a t i o .  
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Figure 17 a l s o  shows t h a t  some s tab i l iz ing   device  i s  necessary 
f o r  model I a t  t h e  low angles of a t t ack   i n   o rde r   t o   ob ta in  a longi tudi-  
n a l l y   s t a b l e   m i s s i l e   i n   t h e   t e s t  Mach  number range  with  the  center  of 
grav i ty  a t  50 percent of t he  body length.  These da t a   i nd ica t e   t ha t  a t  
Mach numbers s l i g h t l y  below the   t e s t   r ange ,   t he   sk i r t   u sed  on  model V 
may not  be  large enough t o  produce   pos i t ive   longi tudina l   s tab i l i ty .  
The 1op .g i tud ina l   s tab i l i ty  of t h e   s k i r t e d  models increases  somewhat 
wi th   increase   in  Mach number a t  t h e  low and  high angles of a t tack ,  
whereas the   l ong i tud ina l   s t ab i l i t y  of  model IV decreases  with  increase 
i n  Mach number. 

Model I11 has   the   l a rges t   s ta t ic   marg in  of t he  models t e s t ed .  A t  
t he  low angles of a t t ack ,   t he   l ong i tud ina l   s t ab i l i t y   cha rac t e r i s t i c s   fo r  
model I11 are   r e l a t ive ly   cons t an t   w i th   va r i a t ion   i n  Mach number i n   t h e  
t e s t  Mach number range. 

It may a l so  be seen   in   f igure  17 tha t   the   da ta   ob ta ined  a t  t h e  
t e s t  Mach numbers agree  very  well   with  data shown in   r e f e rence  1 
at  a Mach number of 2.01. (Ref. 1 data  are  indicated  by symbols i n  
f i g .  17.)  

D i r e c t i o n a l   s t a b i l i t y  

Models I11 and IV, the   f inned models,  were the  only models t e s t e d  
i n   s i d e s l i p .  Data p resen ted   i n   f i gu res  12 t o  16 fo r   t he   f i nned   mi s s i l e s ,  
show the   mi s s i l e s ,   i n   gene ra l ,   t o  be d i r ec t iona l ly   s t ab le .  These fig- 
ures   a l so  show a n o n l i n e a r i t y   i n   t h e  yawing-moment curve a t  low side-  
s l ip   angles .   This   nonl inear i ty   increases   wi th   angle  of a t t ack  and, 
i n  some instances,   the   missi les  are d i r ec t iona l ly   uns t ab le   fo r  a small 
s idesl ip   range  near  0'. This   ins tab i l i ty   d i sappears ,  however, a t  t h e  
higher   s idesl ip   angles .  These f igu res  also show l i t t l e  change i n  
l o n g i t u d i n a l   s t a b i l i t y  or normal-force  coefficient  throughout  the  angle- 
of-s idesl ip   range.  The  yawing-moment and s ide-force  der ivat ives   pre-  
sen ted   in   f igures  18 and 19 for   bo th   f inned   miss i les   a re   for   s lopes  
between f2' of s ides l ip ,  and  because of the  aforementioned  nonlinearity 
i n   t h e  yawing-moment curves do not   present   the  complete   s tabi l i ty   picture .  

It may be  seen i n  figures 18 and 19 t h a t  a t  the  lower  angles of 
a t tack ,  0' and 7.0' f o r  model 111 and Oo f o r  model IV, t h e   d i r e c t i o n a l  
s t a b i l i t y  of the f inned   miss i les   decreases   wi th   increase   in  Mach number; 
however, a t  the  higher  angles of a t t ack  (14.5' and 20.9') t he   d i r ec -  
t i o n a l   s t a b i l i t y   i n c r e a s e s   w i t h   i n c r e a s e   i n  Mach number. It is also 
i n t e r e s t i n g   t o   n o t e   t h a t  a t  the  higher  t es t  Mach nmibers  and a t  an 
angle of a t t ack  of 20.9' t h e   d i r e c t i o n a l   s t a b i l i t y  f o r  model I11 (and 
t o  a l imited  extent ,  model IV) becomes greater   than  that   experienced 
a t  angles of a t tack   near  0'. It i s  be l ieved   tha t   the   reason  f o r  t h i s  
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phenomenon is t h a t  a t  the  high  angles  of a t t a c k   t h e r e  i s  an   increase   in  
dynamic pressure  on  the  lower  f in  which increases   the  effect iveness   of  
t h e  lower f i n  a t  a g r e a t e r  rate t h a n   t h a t  a t  which the   uppe r   f i n  i s  
losing  effect iveness .  

The pitching-moment-curve  and  normal-force-curve  slopes and ( c% 
C of these  hypersonic missiles a t  a Mach number of 2.01 have  been 

obtained  from  reference 1 and a r e   p l o t t e d   i n  figures 18 and 19. Since 
t h e  models are a l l  symmetrical, it i s  permiss ib le   to  compare C and 

C a t  zero  angle   of   s idesl ip   with and Cy at  zero  angle of 

a t tack .  These  slopes, shown i n  symbol form i n   f i g u r e s  18 and 19, show 
excellent  agreement  with  the  data  reported  on  herein. 

N,) 

Nct CnP 
ma 

P 

The data  on the   bas i c   p lo t s   i nd ica t e   t ha t   t he   d ihed ra l   e f f ec t  i s  
essent ia l ly   zero   for   the   f inned  models through  the tes t  Mach number 
and angle-of-attack  range. 

Figures 18 and 19 indicate  negative  values  of C a t  a l l  angles 

of a t tack .  A comparison  of  these two figures shows t h a t  model I11 has 
the  larger   negat ive  values  of . This would be  expected on t h e  

basis of   the  difference  in  model geometry. 

yP 

cyP 

A l l  models other   than I11 and N are  symmetrical models  and would 
therefore  have iden t i ca l   l ong i tud ina l  and l a t e r a l   s t a b i l i t y   c h a r a c t e r -  
i s t i c s  around 0' angle of a t t a c k  and s i d e s l i p .  

Reynolds Number Effect  

The s t a b i l i t y   d a t a   f o r  models I1 and I11 a t  Reynolds numbers of 
2.5 X 10 , 5.0 X 10 , 7.5 X 10 , and 12.5 X 10 a r e  shown i n   f i g u r e s  8, 
9, 12, and 14. It i s  eas i ly   s een   t ha t   t he   p i t ch  and s idesl ip   curves  
have the  sane  relative  shape,  regardless of  Reynolds number i n   t h e  tes t  
Reynolds number range.  There i s  a general  intermixing of data  points,  
however, f o r   t h e   t h r e e   t e s t  Reynolds numbers, dependent on a t t i t u d e  and 
Mach number. It i s  believed,  moreover, t ha t   t he   da t a   t aken  a t  a 
Reynolds number of 12.5 X 10 accura te ly   def ine   the   s tab i l i ty   curves ,  
since  the  balance  loads a t  th i s   h ighe r  Reynolds number are i n   t h e  range 
to   ob ta in   accu ra t e   da t a .  The i n a b i l i t y  of the  data   taken a t  t h e  lower 
Reynolds numbers t o  check those  taken a t  the  higher  Reynolds number 
i s  b e l i e v e d   t o  be e n t i r e l y  due t o  balance  accuracy.  (See  section 
en t i t l ed   "Correc t ions  and  Accuracy. ' I )  

6 6 6 6 

6 
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CONCLUSIONS 

The r e s u l t s  of an  invest igat ion of five  hypersonic missile configura- 
t i ons  a t  Mach numbers of  2.29,  2.75,  3.22, 3.71, and 4.65 and a t  Reynolds 
numbers, based on the  body length,  from  approximately  2.5 x 10 t o  

15 X 10 indicate  the  following  conclusions: 

6 
6 

1. With the  center  of grav i ty  a t  50 percent  of  the body length,  
t h e   s k i r t e d  and f inned models are d i r ec t iona l ly   s t ab le  a t  t h e  low angles 
of  at tack. A t  t he   h ighe r   t e s t  Mach numbers and at the  higher  angles  of 
a t t a c k ,   t h e   d i r e c t i o n a l   s t a b i l i t y   f o r   t h e   f i n n e d  models  becomes g rea t e r  
than  that   experienced at angles of a t tack  near  Oo. However, a t  t h e  
high  angles of a t t ack  and low Mach numbers, the  f inned models tend 
toward   ins tab i l i ty .  

2. A s k i r t  of t h e  type t e s t e d  i s  e f fec t ive   in   p roducing  lift and 
p i tch ing  moment in   the   t es t   angle-of -a t tack   range .  The use of a s k i r t ,  
however, l e a d s   t o  a drag  penalty  with a corresponding lo s s  i n   l i f t - d r a g  
r a t i o .  

3. The model with  the 5 O  f i n s   has   t he   l a rges t   s t a t i c   marg in  and 
normal-force-curve  slope  of  the  models  tested. 

4. There i s  l i t t l e   e f f e c t  of Mach number on the   s lope  of t h e  
normal-force  curve a t  low angles  of  at tack. 

Langley  Aeronautical  Laboratory, 
National  Advisory Committee for  Aeronautics,  

Langley  Field, V a . ,  March 19, 1958. 
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TABU I.- MODEL GEOM%TRIC CHARACTERISTICS 

3Ody: 
Length.  in . . . . . . . . . . .  
Diameter. in . . . . . . . . . .  
Cross-sectional  area. sq in . . 
Fineness  ratio  of  nose . . . .  
Length-diameter  ratio . . . . .  
Moment-center  location.  per- 
cent  length . . . . . . . . .  

jkirt : 
Length.  in . . . . . . . . . .  
Base  diameter.  in . . . . . . .  
Base  area. sq in . . . . . . .  
Leading-edge  angle. deg . . . .  

?ins : 
Area  exposed. 2 fins. sq in . . 
Root  chord.  in . . . . . . . . .  
Tip  chord.  in . . . . . . . . .  
Span  exposed.  in . . . . . . .  
Span  total.  in . . . . . . . .  
Taper  ratio . . . . . . . . . .  
Aspect  ratio.  exposed . . . . .  
Span  diameter  ratio . . . . . .  
Leading-edge  angle.  deg . . . .  

. 
I\ 

" 

E 

c 

. 
[ode 1 
I . 

50 . oc 
3.0~ 
7 . O i  
5.0~ 

LO . oc 
j0 . OC 

Mode 1 
I1 

30.00 
3.00 
7.07 
5.00 
10.00 

50.00 

6.01 
5-13 
20.66 
10.00 

. 
%ode1 
I11 . 

30.00 
3.00 

5 . 00 
7.07 

10.00 

50.00 

34.36 
19.12 

0 
3.20 
6.20 

0 
1.268 
2.07 

5 

. 
aode 1 
Iv . 

30.00 
3.00 
7.07 
5.00 
10.00 

50.00 

9.55 
5.97 

0 
3.20 
6.20 

0 
1.07 
2.07 
15 - 

. 
Mode 1 

v . 
35 * 11 
3.00 

11.70 

50.00 

7-07 
5.00 

4.67 
4.64 
16.91 
10.00 

. 
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Tangency p o i n t s  

3 .OO 

<=- 

25.25  rad.  

Model I 
5-caliber  ogive 

25.25  rad.  

- 

Model I1 

Model I11 
A . 6 0  

- 

ICoordinates f o r !  
Model IV 

Model V 

r 

Coordinates f o r  
model V nose 

0 0  
x Y  

1.698 .299 

2.448 .423 
1.947 .342 

3.447  .564 
2.886 .495 

3.693 .600 

4.446 .693 
3.945 .630 

4.938 .753 
5.076 .768 
6.444  .918 
7.944 1.059 
9.444 1.188 

10.994 1.296 
12.453 1.389 
13.944 1.461 
15.444 1.500 

Figure 1.- Missile  configurations  tested. (All dimensions in inches 
unless  otherwise  stated.) 





a = -2.4O a O o  

a = Z . O o  

a = 6.2O a = 20.9O 

(a) M = 2.29. L-58-180 

Figure 3. -  Typical  schlieren  photographs of m o d e l  11. j3 = Oo. 



" . . - .. . " . " . .. . . . . - . . 

16 NACA RM ~ 2 8 ~ 0 4  

a = - 2 . 4 0  a = O o  

a = 2 . 0 °  

a = 6 .2O a = 20.9O 

(b) M = 2.73. L-58-181 

Figure 3. - Continued. 
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a = O o  

a = 2.00 

a = 6.1° 

(c) M = 3.22. 

Figure 3.- Continued. 

L-58-182 
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a = - 2 . 4 O  a = O o  

a 2 . l o  

(d) M = 3.71. L-58-183 

Figure 3 . -  Continued. 



( e )  M = 4.65. L- 58- 184 

Figure 3 . -  Concluded. 
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a=-2.4O a = Oo 

a = 2 . 0 °  

a = 12.4O a = 20.6O 

(a) M = 2.29. L-58-185 

Figure 4. - Typical schlieren photographs of model 111. /3 = 0'. 
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a = -2 .4O a = O o  

a 12.3O 

a = 2.0° 

(b) M = 2.75. 

Figure 4.- Continued. 

a = 20.50 

L-38-186 



NACA RM L58DO4 

- 

a = -2 .40  a = 00 

a = 2.00 

a = 12.20 a = 20.20 

( c )  M = 3.71. 1-58- 187 

Figure 4.- Concluded. 
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a,  d e g  

Figure 3. -  Variation of  base  axial-force  coefficient with angle of 
a t tack.  f3 = Oo. 



24 

( a ) '  M = 4.63; f3 = Oo. 

NACA €04 L58DO4 

.6 

.4  

.2 c A  

0 

'.2 

Figure 6.- Effect  of  base  block on aerodynamic c h w a c t e r i s t i c s  of 
model 111. R = 7.5 x 106. 
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' Y  

(b) M = 4.65; u = 0'. 

Figure 6.- Concluded. 
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0 4 8 12 16 20 24 28  
a ,  d e g  

Figure 7.- Aerodynamic  characteristics of model I in pitch. p = 00; 
R = 12.5 X 106. 
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Cm 

(b) M = 2.75. 

Figure 9.- Continued. 



-4 0 4 8 12 16 20 24 28 
a ,  d e g  

(c) M = 3.22. 

Figure 9.- Continued. 
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(d) M = 3.71. 

Figure 9. - Continued. 
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( e )  M = 4.65. 

Figure 9.- Concluded. 
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.4 

-.4 

-.a 

4 

-4 

NACA RM L58DO4 

Figure 11.- Aerodynamic  characteristics of model V in pitch. p = 00; 
R =  1 5 x  10. 6 
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.8 

.4 

0 

.4 

(a) M = 2.29. 

Cn 

Figure 12.- Aerodynamic  characteristics of model I11 in  sideslip. 
a = oo. 
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' c m  

F - 

(a) Concluded. 

Figure 12.- Continued. 



(b) M = 2.73. 

Figure 12.- Continued. 

.a 

.4 

Cn 

0 

.4 
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-4 -2 0 2 4 6 a IO 12 . 14 
8 ,  d e g  

(b) Concluded. 

Figure 12.- Continued. 
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.a 

.4 
C" 

0 

- .4 

4 

( c )  M = 3.22. 

Figure 12. - Continued. 

i 



40 NACA RM L58DO4 

( c) Concluded. 

Figure 12. - Cont irlued. 
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(d) M = 3.71. 

Figure 12. - Continued . 

.8 

.4 

Cn 

0 

- .4 
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( d)  Concluded. 

Figure 12.- Continued. 
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.8 

.4 

Cn 

0 

.4 

-4 -2 0 2 4 6 8 IO 12 14 
$ 9  d e g  

( e )  M = 4.63. 

Figure 12.- Continued. 
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(e) Concluded. 

Figure 12.- Concluded. 
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(a) M = 2.29. 

. 8  

.4 

.o 

- .4  

C" 

Figure 130-  Aerodynamic c h a r a c t e r i s t i c s  of model I11 i n   s i d e s l i p .  
u = 7.20; R = 12.5 X 106. 
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( a) Concluded. 

Figure 13. -  Continued. 
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(b) M = 2.75. 

Figure 13.- Continued. 

.8 

.4 

Cn 

0 

- .4 
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-4 -2 0 2 4 6 8 10 12 14 
$ 9  d e g  

(b) Concluded. 

Figure 13.- Continued. 
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-4 -2 

.8 

-4 

0 

- .4 

0 2 8 IO 12 14 

( c )  M = 3.22. 

Figure 13. - Continued. 
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( c )  Concluded. 

Figure 13 . -  Continued. 



.8 

-4 

0 

(d) M = 3.71. 

Figure 13.- Continued. 
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( d) Concluded. 

Figure 13.- Continued. 
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.8 

.4 

0 

- .4 

-4 -2 0 2 4 6 8 10 12 14 
$ 9  d e g  

( e )  M = 4.63. 

Figure 13.- Continued. 
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(e) Concluded. 

Figure 13. - Concluded. 

E 
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-.4 

-4 -2 0 2 4 6 0 IO I 2  14 
8 ,  deg 

(a)  M = 2.29. 

Figure 14.- Aerodynamic c h a r a c t e r i s t i c s  of model I11 i n   s i d e s l i p .  
a = 14.6O. 
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-4 -2 0 2 4 6 8 10 12 14 
$ 9  d e g  

(a) Concluded. 

Figure 14.- Continued. 
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(b) M = 2.73. 

Figure 1.4. - Continued. 

.8 

.4 

0 

- .4 
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-4 -2 0 2 4 6 8 IO 12 14 
8 ,  d e g  

(b) Concluded. 

Figure 14.- Continued. 
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.8 

0 

- -4 

4 

( e )  M = 3.22. 

Figure 14.- Continued. 
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(c) Concluded. 

Figure 14.- Continued. 
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-4 -2 0 2 

.8 

-4 
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- .4 

8 IO 12 14 

(d) M = 3.71. 

Figure 14.- Continued. 
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( d) Concluded. 

Figure 14. - Continued. 

I 
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.8 

.4 

0 

- -4 

4 

(e)  M = 4.65. 

Figure 14.- Continued. 
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(e) Concluded. 

Figure 14.- Concluded. 
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.4 

0 

.4 

(a) M = 2.29. 

Figure 15.- Aerodynamic cha rac t e r i s t i c s  of model I11 i n  s ides l ip .  
a = 20.90; R = 12.5 X 106. 
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(a) Concluded. 

Figure 15.- Continued. 
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(b) M = 2.75. 

Figure 15.- Continued. 
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-4 -2 0 2 4 6 a IO 12 14 
8 ,  d e g  

( b)  Concluded. 

Figure 15.- Continued. 
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-4 -2 0 2 4 6 8 10 12 14 
B 9  d e g  

.a 

.4 

0 

Figure 17.- Continued. 



(c) Concluded. 

Figure 17.- Continued. 
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(d) M = 3.71. 

Figure 13.- Continued. 
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"4 -2 0 2 4 6 a IO 12 14 

8 ,  d e g  

( d) Concluded. 

Figure 15. - Continued. 
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(e) M = 4.65. 

Figure 15.- Continued. 
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8 ,  d e g  

(e) Concluded. 

Figure 15.- Concluded. 
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( a )  M = 2.29. 

Figure 16.- Aerodynamic cha rac t e r i s t i c s  of model IV in s ides l ip .  
R = 12.3 x lo6. 
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(a) Concluded. 

Figure 16. - Continued. 



NACA RM L58DO4 7 77 

"4 -2 0 2 4 6 8 IO I2 14 
$ 9  d e g  

(b) M = 2.75. 

.4 
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Figure 16. - Continued. 
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-4 -2 0 2 4 6 8 10 I2 14 
8 9  d e g  

(b) Concluded. 

Figure 16. - Continued . 



( c )  M = 3.22. 

Figure 16. - Continued. 
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( c) Concluded. 

Figure 16. - Continued. 
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(d) M = 3.71. 

Figure 16. - Continued. 
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( d) Concluded. 

Figure 16. - Cont hued.  
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( e )  M = 4.65. 

Figure 16. - Continued. 
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(e) Concluded. 

Figure 16. - Concluded. 
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(a) a = 0'. 

85 

. 8  

Figure 17.- Longitudinal  stability  characteristics  of  the  five  missile 
configurations. 
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(b) u = 16O to 20'. 

Figure 17. - Concluded. 
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C 
" B  

M 

Figure 18.- L a t e r a l   s t a b i l i t y   c h a s a c t e r i s t i c s  of model 111. 
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Figure 19.- L a t e r a l   s t a b i l i t y   c h a s a c t e r i s t i c s  of model IV. 


